Abstract Transport molecules play a crucial role for cell viability. Amongst others, linear motors transport cargos along rope-like structures from one location of the cell to another in a stochastic fashion. Thereby each step of the motor, either forwards or backwards, bridges a fixed distance and requires several biochemical transformations, which are modeled as internal states of the motor. While moving along the rope, the motor can also detach and the walk is interrupted. We give here a mathematical formalization of such dynamics as a random process which is an extension of Random Walks, to which we add an absorbing state to model the detachment of the motor from the rope. We derive particular properties of such processes that have not been available before. Our results include description of the maximal distance reached from the starting point and the position from which detachment takes place. Finally, we apply our theoretical results to a concrete established model of the transport molecule Kinesin V.
Introduction
Amongst the many complex processes taking place in living cells, transport of cargos across the cytoskeleton is fundamental to cell viability and activity. To move cargos between the different cell parts, cells employ molecular motors. The motors are responsible for a huge variety of tasks, ranging from cell division to DNA replication and chemical transport. A subclass of such motors operate by transporting cargos along the so called cellular microtubules, namely rope-like structures that connect, for instance, the cell-nucleus and outer membrane. One example of such motors is Kinesin V, common in eukaryotic cells. Due to the periodic molecular structure of the microtubules, the steps of Kinesin have all the same length equal to 8 nanometers, see Carter and Cross (2005) . Under normal conditions present in living cells, this motor performs a Random Walk in one dimension with a drift on the microtubule possibly stopped by detachment from the tubule. Experimental studies have led to rather detailed and successful models of the chemical processes in Kinesin V which control the movement of the motor. These chemical processes are characterized by a network of internal chemical states usually under the simplifying condition that no detachment from the microtubule is allowed. In a more realistic setting, detachment is allowed. Realistic transition rates for both situations are found in Lipowsky and Liepelt (2008) .
It is possible to derive the average values of the run length and of the run timesee Lipowsky et al. (2009)-but deriving distributional information about these quantities is much harder and up to now not available experimentally.
We introduce a class of Markov Chains that formalizes the model of Kinesin with detachment. We call this new class killed Quasi Random Walk. It is a generalization of the usual Random Walk on the integers allowing at each position internal states on which the further movement depends. This could be seen as a so called Markov Modulated Random Walk or a random walk in a random environment. But we like to extend here the very well established Quasi-Birth-and-Death Process as introduced in Neuts (1994) (without detachment). It is a formalization of a Birth-andDeath Process in a random environment that uses block matrices. This perspective is especially useful for treating these processes numerically.
The term "killed" is used also for killed Birth-and-Death Processes, see e.g. Van Doorn and Zeifman (2005) . It reflects the fact that the process can be stopped by arriving at a cemetery state.
Our generalization enables us to derive detailed results about the spatial behaviour of a molecular motor, which could be applied to other processes that behave similar to Kinesin V.
The rest of the article is organized as follows. In Section 2 we define the killed Quasi Random Walk and discuss shortly the tail behaviour of the process. Section 3 is devoted to the definition of the step-process which is the fundamental tool to prove Theorem 1 and thus to derive spatial properties of the process. Finally in Section 4 we apply our theoretical results to an established model of Kinesin V.
A Killed Quasi Random Walk

The Continuous Time Random Model
A simple Random Walk (RW) on Z is a (time-homogeneous) continuous time Markov Chain with values in a space of positions (here the integers), such that
